Abstract: Autoinflammatory disorders are immune-mediated diseases with increased production of inflammatory cytokines and absence of detectable autoantibodies. They course with recurrent episodes of systemic inflammation and fever is the most common symptom. Cutaneous manifestations are prevalent and important to diagnosis and early treatment of the syndromes. The purpose of this review is to emphasize to dermatologists the skin symptoms present in these syndromes in order to provide their early diagnosis.
INTRODUCTION
Autoinflammatory disorders are a group of diseases characterized by recurrent episodes of systemic inflammation, with an increased production of inflammatory cytokines that can occur without detectable autoantibodies or auto-reactive T cells. [1] [2] [3] [4] [5] Cutaneous manifestations can be the dominant symptoms in some of the patients and can even be the initial manifestation of the disease. 5 According to their characteristics, the main cutaneous manifestations of autoinflammatory diseases are grouped into: urticarial exanthema, dermo-hypodermitis, neutrophilic dermatosis, granulomatous dermatitis and bipolar aphthosis.
The identification of genetic polymorphisms and their association with proteins of the inflammasome complex and other regulatory proteins were decisive for a better understating of autoinflammatory diseases. Their spectrum covers monogenic, polygenic and multifactorial diseases. 3, 6 Within the monogenic diseases, we will describe Familial Mediterranean Fever (FMF), Mevalonate Kinase Deficiency (MKD), Majeed Syndrome, PAPA Syndrome (acronym for pyogenic arthritis, pyoderma gangrenosum and acne), TNF
The cryopyrinopathies are characterized by cutaneous, articular, neurological and ophthalmic events. 9, 16 Cutaneous manifestations are the key symptom and are often the first manifestation of the disease. They usually appear after birth, in the form of an atypical, migratory rash or less frequently as a maculopapular urticaria-like rash. 2, 5, 9, 11, 14 Histologic examination confirms the diagnosis at an early stage, with perivascular neutrophilic infiltrate in the dermis, in contrast to lymphocytic and eosinophilic infiltrates of classical urticaria. 2, 9 Blood neutrophilia and an increase in acute phase proteins during exacerbations are common. 16, 17 FCAS is the mildest of all CAPS. 18, 19 Clinical manifestations usually appear within the first six months of life and are characterized by an atypical urticarial rash with painful and non-pruritic maculopapular lesions, associated with fever peaks. 5, 7, 11, 12, 14 Attacks usually occur following exposures to cold or decreases in temperature including air conditioning and cool damp conditions. 20 They last less than 24 hours and patients have other associated symptoms, like arthralgias, conjunctivitis, headache, myalgias and extreme thirst. 7, 11, 13, 14 Amyloidosis is a rare long-term complication (Chart 1). 18, 21 The Muckle Well Syndrome manifests during childhood and adolescence by recurrent febrile episodes associated with vanishing non-pruritic urticarial rash, arthralgia, myalgia and conjunctivitis. 5, 7, 11, 13, 14, 22 Fever may not be present. 2 Symptoms tend to last longer than in FCAS (12 to 36 hours). In general, cutaneous eruption is the first symptom to be noticed and might be a burning sensation. 2 A progressive sensorineural hearing loss begins in childhood and often results in complete deafness by adolescence. Secondary amyloidosis affects 25% of patients and can result in chronic renal insufficiency. 23 NOMID is a clinical expression of the most severe form of mutation in NLRP3, which can be sporadic or autosomal-dominant. 7, 11, 12, 14 The triad of skin rash, severe arthropathy, and central nervous system disorders characterize NOMID. 18 It appears immediately after birth and manifestations are chronic with periods of exacerbations. 3, 7, 14 The patients have severe fever outbreaks associated with persistent cutaneous manifestations initially in the form of polymorphic urticarial rash or a migratory and non-pruriginous maculopapular rash. 5, 7, 11, 12, 14 Patients also show abnormal facial features, such as flattening of the nasal bridge, macrocephaly, frontal bossing, and protruding eyes. 18 There can also coexist musculoskeletal symptoms and impairment of the central nervous system, as well as longterm complications that modify the prognosis of this disease (Chart 1). The mortality is high in untreated patients, 20% of patients die before reaching adulthood. The disease usually appears before the age of 20 and can even, in two-thirds of the patients, appear before they are 5. The disorder is characterized by recurrent episodes of fever, associated with abdominal pain and arthritis that last from 1 to 3 days. 27, 30, 31 Articular involvement is present in up to 75% of patients.
Most of the patients have also constitutional and emotional symptoms.
11,27
Cutaneous manifestations usually manifest in the form of dermo-hypodermitis (Chart 2). 5, 12, 25, 32, 33 The most common cutaneous presentation is erysipelas-like erythema, reported in 7% to 40%
and characterized by lower limb erythematous and rash that are frequently misdiagnosed as cellulitis. 27 It comprises erythematous plaques with 10 to 15 cm in diameter in the pre-tibial region and around the medial malleolus of the foot. 5, 12, 27 Diffuse palmoplantar erythema can also be present. Other manifestations such as vasculitis, similar to polyarteritis nodosa -Henoch-Schoenlein purpura and angioedema can also occur. 5, 12, 13, 25 Proteinuria is suggestive of secondary systemic amyloidosis, which is a severe and potentially lethal complication. 11, 25, 27 In the laboratory, an increase of inflammatory parameters is found, with neutrophilic leukocytosis, increased C-reactive protein, fibrinogen and serum amyloid protein.
13,34
TNF receptor associated periodic syndrome (TRAPS) This is a rare autosomal dominant autoinflammatory syndrome. 3, 11, 35 It is associated with mutations in the receptor TNFRS-F1A, which encodes the p55 tumor necrosis factor (TNF), leading to the absence of the anti-inflammatory signals and to a persistent pro-inflammatory state with secretion of IL1, IL8 and IL12. 5, 7, 12, 35 It usually appears after childhood, but before 20 years of age.
12
It is characterized by recurrent episodes of fever lasting up to three weeks, accompanied by periorbital edema, conjunctivitis, abdominal pain, arthralgia, myalgia and dermo-hypodermitis. 3, 5, 7, 12, 35 The cutaneous manifestations occur in approximately 80% 
Mevalonate kinase deficiency (MKD)
MKD is an autosomal recessive disease that results from insufficient activity of mevalonate kinase, involved in the biosynthesis of cholesterol and isoprenoids due to mutations in the MVK gene. 3, 33, 38 In hyperimmunoglobulinemia D with periodic fever syndrome (HIDS), the milder form of the disease, MVK activity is reduced to 1 to 10% of normal, whereas in mevalonic aciduria, the most severe form, this activity is below 1%. 39, 40 Both are considered different spectrum of the same disease. It is characterized by recurrent high fever associated with abdominal pain, diarrhea, nausea, arthritis, arthralgia, headache and dermo-hypodermitis (Chart 2). 3, 5, 11, 12, 32, 39, 41 Fever episodes last 3 to 7 days and typically recur every 4 to 6 weeks and can be induced by emotional and physical stress, vaccines, infections and menses. 7, 12, 25, 42 Clinical manifestations begin usually during the first year of life and the symptoms usually become less pronounced in adulthood. 5, 11, 12 Cutaneous manifestations typically arise as maculopapular or morbilliform rash, or less usually as urticarial rash and erythema nodosum. 5, 7, 12, 14, 25, 41, 43 In 50% of patients oral or bipolar aphthosis coexist. 5, 7, 12, 13, 41 Small erythematous patches, papules, nodules or plaques clinically similar inflammatory cellulitis, petechiae or purpura may occur, resembling Henoch-Schoenlein purpura, erythema elevatum diutinum or Sweet syndrome. 5, 25, 37, 43 Patients with mevalonic aciduria also exhibit developmental delay, severe mental retardation, ataxia, hypotonia, cerebellar atrophy, dysmorphic facies, myopathy and cataracts. 7, 11, 14, 25, 44 Secondary systemic amyloidosis is found in less than 3% of the cases. 7, 12 In laboratory analyses leukocytosis, neutrophilia, increase in acute phase proteins can be found as well as increased polyclonal immunoglobulin D (IgD) and A (IgA). 7, 11, 28, 32, 45 However, as IgD is not always elevated in serum, a normal IgD does not exclude MKD. 46 The increased urinary excretion of mevalonic acid during crises is the key to diagnosis.
Systemic juvenile idiopathic arthritis (SJIA) and
Adult-onset Still's disease (AOSD) SJIA and AOSD are rare inflammatory diseases, which are distinguished by the age of onset. The first one appears in children under 16 years whereas Still's disease usually appears until 35 years of age. There is growing evidence that these may be considered autoinflammatory diseases, in which the final common pathway is triggered by persistent activation of innate immunity, verifying increased secretion of IL-1ß by monocytes. 15, 29 There is an increase in acute phase proteins and in ferritin levels, with lack of positive autoantibodies or autoantigen specific T cells. 7, 12, 14, 15, 34, 37 The classic triad includes daily spiking fevers (≥39°C), juvenile idiopathic arthritis or rheumatoid rash, and polyarthritis. 48 The fever and arthritis are followed by a not fixed, evanescent salm- It is characterized by plaques with overlying pustules, simulating generalized pustular psoriasis, with neutrophils infiltrating the epidermis. 9 ,17 It appears at birth or during the first 2 months of age. 18 Nail changes are common. Association with pyoderma gangrenosum has been described. 12 The cutaneous pustulosis affects all children with the disease and ranges from localized to severe diffuse pustulosis or ichthyosiform lesions. 17 It is also associated with multifocal periostitis and osteomyelitis.
7,10-12
SAPHO syndrome and Chronic Recurrent Multifocal Osteomyelitis (CRMO)
SAPHO syndrome is characterized by synovitis, acne, pustulosis, hyperostosis and osteitis and CRMO, which affects the long bones, has been considered its pediatric variant (Figure 3) . 7, 53 The characteristic cutaneous manifestations of SAPHO syndrome are severe acne (conglobata and fulminans) and pustulosis palmoplantaris (PPP). 12, 54 Severe acne can affect around one-fourth of patients, and PPP 50-75% of patients. 54 In CRMO, skin manifestations are less common. It manifests as recurrent multifocal sterile inflammatory bone lesions with or without fever, associated with pustulosis, severe acne and psoriasiform lesions (Chart 3). for IL-1β in disease progression, which provides a rationale for directly targeting IL-1RI or IL-1β as a therapeutic strategy in CRMO. 57 Nevertheless, SAPHO syndrome is associated with high serum levels of proinflammatory cytokines, such as IL-8, IL-18 and TNF-α, and these cytokines can be responsible for the maintenance of the clinical manifestations. 58 Diagnostic criteria include: two or more typical bone lesions as osteolysis with surrounding sclerosis in conventional radiography, lasting less than six months, typical histological features in bone biopsy and less than 18 years of age at diagnosis. 13 
Majeed syndrome
Majeed syndrome is a rare, autosomal recessive autoinflammatory disease, associated with a homozygous mutation in LPIN2
gene. 34, 56 Usually it appears before the age of two and is characterized by a triad of chronic multifocal recurring osteomyelitis, congenital dyserythropoietic anemia and neutrophilic dermatosis (Chart 3).
13,56
Phenotypically it is more severe than the CRMO: the recurrence rate of bone inflammation is higher, the remissions are less frequent and the disease persists in the adult age. 56 Congenital dyserythropoietic anemia with hypochromia and microcytosis is present, in contrast to the macrocytic or normocytic anemia that usually characterizes the congenital dyserythropoietic anemia. 11, 13, 56 Individuals with Majeed syndrome have also growth retardation with short stature. 59 Cutaneous manifestations include psoriasiform lesions, palmoplantar pustulosis, acne and pyoderma gangrenosum. 13, 50 Sweet's syndrome with typical neutrophilic infiltrates and pustulosis can be similar to Majeed syndrome.
5,11,26
Sweet's syndrome (SS) SS was initially described as an acute febrile neutrophilic dermatosis. The pathogenesis of the disease is not fully understood.
The association with infections, autoimmune diseases, neoplasms and drugs suggests a hypersensitivity reaction. Cytokines appear to play an etiologic role in the development of lesions and symptoms. 60 There are no detectable autoantibodies or specific T cells.
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Fever is the most common sign. Eye involvement can be the initial presentation. Arthritis or arthralgia occurs in up two-thirds of the patients. 60 Cutaneous manifestations occur in the form of painful nodules or erythematous cutaneous plaques, which are characterized histologically by neutrophil infiltrate in the upper dermis.
It can also presents as a pustular dermatosis or with ulcerated and bullous lesions. 60 It arises often associated with hematologic malignancies, rheumatoid arthritis and inflammatory bowel disease (Chart 3). Laboratory findings suggestive of SS include peripheral leukocytosis with neutrophilia and elevated erythrocyte sedimentation rate or C-reactive protein.
60

GRANULOMATOUS DERMATITIS Familial Blau Syndrome and Sporadic Early-onset Sarcoidosis
The Blau Syndrome is a granulomatous, autosomal dominant disease associated with a mutation in the NATCH domain of the NOD2 / CARD15 gene. 11, 13, 32 Early-onset sarcoidosis shares the clinical manifestations, but happens as a sporadic condition. 18 The two disorders were initially described as different clinical entities, however the association of mutations in the NOD2 / CARD15 gene in some patients with early-onset sarcoidosis have led some authors to consider the Blau syndrome as the familiar form of sarcoidosis and early-onset sarcoidosis as the sporadic form of the same disease. 61, 62 Different from sarcoidosis, hilar lymph nodes and lungs are not affected. 7, 37, 62 The onset is usually before 4 years of age and is characterFIgure 3: SAPHO syndrome ized by the triad of early-onset of polyarticular synovitis, skin rash and eye involvement with recurrent anterior uveitis. 12, 32, 41, 61, 62 Skin manifestations are usually the first symptom of the disease and appear as maculopapular rash or multiple subcutaneous nodules, with symmetrical presentation located mainly on the trunk and extremities. 27, 41, 45, 61 The papules, small and with variable color (from yellow to brownish red), typically are grouped and may converge. The papular rash occurs intermittently and can resolve spontaneously leaving a scar. 61, 62 Other cutaneous findings described are panniculitis resembling erythema nodosum and leukocytoclastic vasculitis. 63 Systemic impairment may still occur (Chart 4).
BIPOLAR APHTHOSIS Behçet's disease
Behçet's disease is a recurring systemic inflammatory disease, with unknown etiology characterized by the triad: oral aphthous ulcers, genital ulcers and uveitis (Chart 5). The disease usually appears in the third decade of life and affects both genders equally.
The most serious manifestations tend to occur more often in men, particularly amaurosis, large vessel vasculitis, cerebrovascular, lung and gastrointestinal impairment. 64 The disease progresses during exacerbation and remission periods. 
Possible skin lesion
Granulomatous papular erythematous rash, and rarely, panniculitis and leukocytoclastic vasculitis Erythema nodosum, pyoderma gangrenosum, oral aphthosis
Oral and genital aphthous ulcers, erythema nodosum, pseudofolliculitis, papulopustular lesions, acneiform lesions and erythema nodosum
Oral and genital aphthous ulcers and less commonly erythema on the trunk, palmoplantar macules or purpura, acneiform lesions and pyoderma gangrenosum
Systemic involvement
Symmetric polyarthritis, polyarthritis, deformans with camptodactyly, joint swelling and effusion of synovial fluid, recurrent uveitis, glaucoma, cataracts, fever, granulomatous vasculitis, renal and hepatic granulomatosis, and lymphadenopathy pneumonitis
Gastrointestinal noncaseating granulomas
Systemic involvement
Uveitis, amaurosis, large vessel vasculitis, cerebrovascular and gastrointestinal involvement and pulmonary vascular disease Pharyngitis, and cervical lymphadenopathy, headache, abdominal pain, nausea, vomiting, myalgia, arthritis, arthralgia, splenomegaly, slight increase in IgM, IgD and IgA, leukocytosis and slight increase in acute phase proteins
Therapeutic options
Corticosteroid therapy, ciclosporin A, methotrexate, mycophenolate mofetil, TNF inhibitors, anakinra, thalidomide Corticosteroid, mesalazine, azathioprine, infliximab and intravenous immunoglobulin
Corticosteroid, colchicine, azathioprine, methotrexate, cyclosporine, thalidomide, anakinra Corticosteroid, cimetidine, colchicine, anakinra, tonsillectomy and adenoidectomy 5) . 3, 13, 66 Other symptoms include: headache, abdominal pain, nausea, vomiting, myalgia, arthritis, arthralgia, splenomegaly (Chart 5). 13, 66 During fever periods, leukocytosis and increased acute phase proteins may occur. 11, 13 A slight increase of IgM, IgD and IgA can be noticed. PFAPA usually appears before the age of five as the most common cause of periodic fever in childhood. 29 However, it is not an exclusive disease of childhood. The episodes recur every four to six weeks with complete resolution of symptoms between attacks. 3, 11, 32, 66 Pharyngitis is the most common symptom associated with fever and presents itself like an erythematous or exudative form, self-limited and with negative cultures. The aphthous stomatitis is characterized by small lesions, not keratinized, mainly located in the labial gingiva, is self-limited and appears a few days prior to the fever. 11, 13 Occur in 40-70% of PFAPA patients. 18 These lesions may have bipolar distribution with oral and genital involvement. Less commonly, it may present as erythema predominantly on the trunk and palmoplantar macules or purpura. 12 The disease usually has a benign evolution and resolves spontaneously in a high proportion of patients.
11,29
The diagnosis is clinical and involves at least one of the three symptoms: aphthous stomatitis, pharyngitis and cervical lymphadenopathy. 3, 7, 11 The diagnostic exclusion criteria include the presence of upper respiratory tract infection, cyclic neutropenia, primary immunodeficiency and hereditary autoinflammatory disease.
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